Mathematical Analysis and Verification of the Corrosion Prevention Mechanism of Dry-cured Ham  by Fadong, Qiao
 Procedia Engineering  37 ( 2012 )  229 – 233 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.04.232 
The Second SREE Conference on Engineering Modelling and Simulation (CEMS 2012) 
Mathematical analysis and verification of the corrosion 
prevention mechanism of dry-cured ham 
Qiao Fadong
Bio-engineering College, Henan University of Technology, Zhengzhou 450001, Henan, PR China 
Abstract 
This paper analyzes mathematically the relationship between the aw value of the muscles of traditional 
Xuanwei dry cured ham and the relative humidity of the surroundings and the relationship of the aw value 
of the muscles and the salt water concentration. The proper relationship has been discovered between 
them and the standard production process for Xuanwei ham has been set and then production verification 
tests have been done. The result is that the low-salt dry-cured ham containing humidity of 49.58%, salt of 
5.91%, preserves the traditionally authentic aromas and flavors and meets the modern healthy demands of 
consumers. 
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1. Introduction 
With a long history, bright colour and unique flavour, the traditionally typical dry-cured ham is widely 
welcome in China [1]. It is obtained from salted hind legs of pigs with spices in low temperature and dried 
naturally for a long time and thus has unique flavour [2]. The salted method was the solution to the 
problem of meat preservation. Yet it couldn’t satisfy the healthy demand owing to its high salt content. 
However, its bright colour and unique flavour are still welcome by consumers. With the wide application 
of the refrigeration technology in meat industry, there have been remarkable changes in preservation 
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methods. It is gaining importance to decrease its salt content and to realize standardization production 
without losing the traditionally unique flavour with the help of modern food processing technology [3, 4].
Dry-cured ham is a typical cured-meat and Xuanwei ham is a famous Chinese dry-cured ham which 
has a history of 300 years from Xuanwei city, Yunnan Province. It has excellent quality, yet with the flaw 
of high salt content [5]. Therefore, the paper tries to solve the problem. It is based on the traditional 
processing technique, analyzes mathematically the corrosion prevention mechanism, develops a program 
of standardization production for reducing salt content, then production verification tests have been done. 
It paves the way for Xuanwei ham toward standardization production and large-scale production. 
2. Mathematical Analysis of the Corrosion Prevention Mechanism 
2.1. The relationship between traditional production technology of Xuanwei ham and the climate 
Its unique quality has a close relationship with its climate. Xuanwei ham is from Xuanwei city, Yunnan 
Province, whose climate characteristics are no cold winter and no hot summer with average temperature 
of 13.3ć and relative humidity of 70.25%. The characteristics of the production season are as follows: 
salted period (November, December, January and February the following year) with low temperature and 
high humidity; dry period (March and April) with medium temperature and low humidity; mature period 
(form May to October) with high temperature and high humidity (Table 1). 
Table 1. The meteorological conditions of production process for traditional Xuanwei ham 
Months 11 12 1 2 3 4 5 6 7 8 9 10 
Sunlight˄h˅ 123 177 124 194 228 253 168 177 138 153 173 159 
Precipitation˄mm˅ 9 11 21 10 19 19 141 160 111 224 106 61 
Temperature˄ć˅ 10.6 8 5.5 9.9 13 17.3 17.2 20.2 19.2 17.8 16.4 14 
Relative humidity˄%˅ 76 68 73 65 58 49 71 74 79 80 72 76 
2.2. Analysis of the relationship of NaCl concentration of aqueous solution and aw value 
The basic theory of salting and drying is applied in the procession of dry-cured ham. First, the salted 
process: sodium chloride becomes saline solution after its adsorption of water in muscles, produces 
osmotic pressure which dehydrates and deforms muscle cells and promotes salt solution to permeate the 
inner part of muscle; then dehydrated process: thermal mass exchange occurs between muscle surface and 
surroundings, resulting in evaporation of water from surface to inner part. The osmosis of salt and 
evaporation of water increase the NaCl concentration of the meat liquid phase (10%~15%). Thus free 
water content in the muscle decreases and micro-organism growth and enzyme activity are inhibited. The 
purpose of corrosion prevention can be achieved. 
The existence of water in food, that is, combination degree of water and food, can be expressed by 
water activity (aw). It refers to the ratio of partial vapor pressure (P) in the solution and pure water 
saturated vapor pressure (Q) (aw = P/Q). The aw value equals the relative humidity expressed in percentage 
which is 0~1. Thus the aw value of the dry-cured ham is in balance with the relative humidity of 
production surroundings.  
The NaCl solution from the muscles can lower the free degree of water, or water activity [6, 7]. In order 
to explore the relationship of the NaCl concentration and the aw value, the salt is separately made into 
solutions of 5%, 10%, 15%, 20% and 25%. Meanwhile the fresh meat are added salt of 3%, 4%, 5%, 6% 
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and 7% respectively. The aw values were determined. The result is that the relationship of the NaCl 
solution concentration and the aw value is linearity (Y1 = 0.9956-0.0068XˈR2 = 0.9875) (Fig. 1a). In the 
system of salted meat, because of the interaction of ion from NaCl solution and protein molecules, the 
linear relationship of the NaCl concentration and the aw value can be seen in Fig 1b. (Y2 = 0.9959-
0.0094XˈR2 = 0.9607). 
It can be seen from the comparison of Fig. 1a and Fig. 1b that NaCl concentration has more effects on 










































Fig. 1.  Relationship of NaCl concentration and aw
2.3. The relationship of NaCl concentration and functions of the corrosion prevention dry-cured ham 
The aw value has influence on microorganism growth and enzyme activity in muscle tissues. Generally, 
the aw values for all kinds of microorganism growth are as follows: the aw value for bacteria is aw>0.90, for 
yeast aw>0.87, for mould aw>0.80 
[8]. The activity in most enzymes of food system will greatly decrease at 
aw < 0.85. All kinds of microorganism growth need water activity. In Fig. 1, the safety of dry-cured ham 
can be effectively obtained when the minimum NaCl concentration needed for dry-cured ham’s aw value 
at 0.90 is above 10%. 
Water content in muscles of traditional Xuanwei dry-cured ham is  44.2%~47.1%, the salt content is 
8.7%~13.1%, the NaCl concentration is 15.59%~22.86% and the aw value is 0.78~0.82. In the above 
situation, the corrosion prevention is better and the cured failure of ham can be avoided. But high salt 
content food can’t meet the requirements of modern healthy consumption. The minimum salt content must 
be based on NaCl concentration (10%) and the aw value (0.90). The NaCl concentration of the product of 
100g is calculated in terms of formula (1). 
C = x y ( w + x ) u 100           (1) 
Here C = 10 %, w is the water content of final product; x is the salt content of final product. The salt 
content in the final product of 100g is shown in formula (2).
x = w y 9                                (2) 
3. The verification of the corrosion prevention effect of low-salt dry-cured ham 
Owing to the balance of the end product aw value and the relative humidity of surroundings, simple 
reducing the salt content will lead to over-evaporation, otherwise, the balance of NaCl concentration or aw
value can’t be achieved. So not only the amount of salt but also the relative humidity of surroundings in 
matured period to decrease water evaporation from muscles must be controlled in modern processing in 
order to achieve new balance that the ratio of NaCl concentration is 10% or the aw value is almost 0.90. 
In salting period, water content in muscle is high, and salt is scattered mainly on the surface and 
doesn’t permeate the deeper part or the NaCl concentration is low. The corrosion prevention mainly 
depends on the low temperature (0~4ć). At the same time, in order to dissolve the salt on the surface and 
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permeate the inner part, the highly relative humidity of surroundings must be maintained to avoid the 
water over-evaporation and incrustation on the surface. 
The amount of salt can be determined by the ratio of concentration of solid matter in both the final 
product (S2) and fresh meat (S1). This ratio of concentration is equal the ratio of concentration of salt in 
both the final product (X2) and fresh meat (X1) theoretically 
[9]. The equality relationship is as formula (3). 
x1 : s1 = x2 : s2                                                   (3)
In the realistic process, the loss of salt in salting period and muscle dehydration must be considered. 
The experiment result shows that a coefficient should be added to the equation (3), i. e. 
x1 : s1 =0.9983u (  x2 : s2 )                      (4)
The finished product quality standard for low salt dry-cured ham is: salt content 5.5%, water content 
50%. If water content in fresh meat is 71.43%, the minimum amount of salt can be calculated from the 
above formula (4), x1 is more than 3.5%. Considering the differences in water content of fresh meat and 
the loss of salt in dehydration, the amount of salt added to the fresh ham should be 3.5%~4.0%. 
According to traditional production technique parameter for Xuanwei ham, with the combination of the 
mathematical analysis and verification of the corrosion prevention mechanism of dry-cured ham, the 
standard production technique parameter for Xuanwei ham can be listed in Table 2 [10].
Table 2. The standard production technique parameter for Xuanwei dry-cured ham 
Processing stage Pre-cooling Salting Post-salting I Post-salting II Drying  Maturing 
Time˄d˅ 2 21 14~21 56~63 7 14~28 
Cumulative time˄d˅ 0~2 3~23 24~44 45~100 101~107 108~365 
Temperature˄ć˅ 0~4 1~4 1~5 2~5 25~16 14~18 
Relative humidity˄%˅ 72~85 72~85 60~80 68~82 70~80 75~85 
According to the quality standard requirements for Xuanwei ham, 135 raw material legs were chosen, 
and then processed. The moisture and salt content of samples from biceps femoris muscle during the 
processing are determined (Table 3) [11].
Table 3. Variation in moisture and salt content in biceps femoris muscle during the processing of low salt Xuanwei ham 
Processing stage Pre-cooling Salting Post-salting Drying  Maturing 
Time˄d˅ 2 23 100 107 365 
Moisture (%)  73.74 70.34 62.81 60.64 49.58 
NaCl (%) 0.21 0.69 2.25 4.25 5.91 
NaCl concentration˄%˅ 0.28  0.97  3.46  6.55  10.65  
It can be seen from Table 3 that water content in final products is near to 50%, salt content is lower 
than 6% and NaCl concentration is near to 10%. So the purpose of lowering salt content is realized. The 
sensory appraisal analysis has been done and the result is that the standard production technique preserves 
the traditionally authentic aromas and flavors while greatly reducing the salinity of the products. 
4. Conclusions 
There exists balanced relationship between the aw value for dry-cured ham and the relative humidity of 
surroundings. In traditional Xuanwei ham, the water content in muscles is 44.2%~47.1%, salt content is 
8.7%~13.1%, NaCl concentration of the meat liquid phase is 15.59%~22.86% and the aw value is 
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0.78~0.82, which has remarkable functions of bacteriostasis and corrosion prevention and thus have long 
term storage. 
From the mathematical analysis of the relationships between relative humidity of surroundings and the 
aw value, between the aw value and NaCl concentration, the relationship between the aw value for dry-cured 
ham, NaCl concentration and microorganism growth has been discovered. Also the paper comes up with 
the suggestions that NaCl concentration in dry-cured ham be 10% and the aw value be 0.90 and standard 
production technique for controlling temperature in the procedure and relative humidity for Xuanwei ham 
be made. From the experiments, the low-salt Xuanwei ham with water content of 49.58% and salt content 
of 5.91% preserves the traditionally authentic aromas and flavors while greatly reducing the salinity of the 
products, thus meets the modern healthy demands of consumers.  
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